National 

Bureau 

of 

Standards 


Rational  Bureau  of  Standards 
Library,    E-01  Admin.  Bldg. 

MAY   1  5  1970 


NBS  TECHNICAL  NOTE  524 


Determination  of  the 

Light  Elements  in  Metals: 

A  Bibliography  of 

Activation  Analysis  Papers 


NATIONAL  BUREAU  OF  STANDARDS 

The  National  Bureau  of  Standards  '  was  established  by  an  act  of  Congress  March  3,  1901 .  Today, 
in  addition  to  serving  as  the  Nation's  central  measurement  laboratory,  the  Bureau  is  a  principal 
focal  point  in  the  Federal  Government  for  assuring  maximum  application  of  the  physical  and 
engineering  sciences  to  the  advancement  of  technology  in  industry  and  commerce.  To  this  end 
the  Bureau  conducts  research  and  provides  central  national  services  in  four  broad  program 
areas.  These  are:  (1)  basic  measurements  and  standards,  (2)  materials  measurements  and 
standards,  (3)  technological  measurements  and  standards,  and  (4)  transfer  of  technology. 
The  Bureau  comprises  the  Institute  for  Basic  Standards,  the  Institute  for  Materials  Research,  the 
Institute  for  Applied  Technology,  the  Center  for  Radiation  Research,  the  Center  for  Computer 
Sciences  and  Technology,  and  the  Office  for  Information  Programs. 

THE  INSTITUTE  FOR  BASIC  STANDARDS  provides  the  central  basis  within  the  United 
States  of  a  complete  and  consistent  system  of  physical  measurement;  coordinates  that  system  with 
measurement  systems  of  other  nations;  and  furnishes  essential  services  leading  to  accurate  and 
uniform  physical  measurements  throughout  the  Nation's  scientific  community,  industry,  and  com- 
merce. The  Institute  consists  of  an  Office  of  Measurement  Services  and  the  following  technical 
divisions: 

Applied  Mathematics — Electricity — Metrology — Mechanics — Heat — Atomic  and  Molec- 
ular Physics — Radio  Physics  - — Radio  Engineering  - — Time  and  Frequency  - — Astro- 
physics - — Cryogenics.- 
THE  INSTITUTE  FOR  MATERIALS  RESEARCH  conducts  materials  research  leading  to  im- 
proved methods  of  measurement  standards,  and  data  on  the  properties  of  well-characterized 
materials  needed  by  industry,  commerce,  educational  institutions,  and  Government;  develops, 
produces,  and  distributes  standard  reference  materials;  relates  the  physical  and  chemical  prop- 
erties of  materials  to  their  behavior  and  their  interaction  with  their  environments;  and  provides 
advisory  and  research  services  to  other  Government  agencies.  The  Institute  consists  of  an  Office 
of  Standard  Reference  Materials  and  the  following  divisions: 

Analytical  Chemistry — Polymers — Metallurgy — Inorganic  Materials — Physical  Chemistry. 
THE  INSTITUTE  FOR  APPLIED  TECHNOLOGY  provides  technical  services  to  promote 
the  use  of  available  technology  and  to  facilitate  technological  innovation  in  industry  and  Gov- 
ernment; cooperates  with  public  and  private  organizations  in  the  development  of  technological 
standards,  and  test  methodologies;  and  provides  advisory  and  research  services  for  Federal,  state, 
and  local  government  agencies.  The  Institute  consists  of  the  following  technical  divisions  and 
offices: 

Engineering  Standards — Weights  and  Measures  —  Invention  and  Innovation  —  Vehicle 
Systems    Research — Product   Evaluation — Building  Research — Instrument  Shops — Meas- 
urement Engineering — Electronic  Technology — Technical  Analysis. 
THE  CENTER  FOR  RADIATION  RESEARCH  engages  in  research,  measurement,  and  ap- 
plication of  radiation  to  the  solution  of  Bureau  mission  problems  and  the  problems  of  other  agen- 
cies and  institutions.  The  Center  consists  of  the  following  divisions: 

Reactor  Radiation — Linac  Radiation — Nuclear  Radiation — Applied  Radiation. 
THE  CENTER  FOR  COMPUTER  SCIENCES  AND  TECHNOLOGY  conducts  research  and 
provides  technical  services  designed  to  aid  Government  agencies  in  the  selection,  acquisition, 
and  effective  use  of  automatic  data  processing  equipment;  and  serves  as  the  principal  focus 
for  the  development  of  Federal  standards  for  automatic  data  processing  equipment,  techniques, 
and  computer  languages.  The  Center  consists  of  the  following  offices  and  divisions: 

Information  Processing  Standards — Computer  Information  —  Computer  Services  —  Sys- 
tems Development — Information  Processing  Technology. 
THE  OFFICE  FOR  INFORMATION  PROGRAMS  promotes  optimum  dissemination  and 
accessibility  of  scientific  information  generated  within  NBS  and  other  agencies  of  the  Federal 
Government;  promotes  the  development  of  the  National  Standard  Reference  Data  System  and  a 
system  of  information  analysis  centers  dealing  with  the  broader  aspects  of  the  National  Measure- 
ment System,  and  provides  appropriate  services  to  ensure  that  the  NBS  staff  has  optimum  ac- 
cessibility to  the  scientific  information  of  the  world.  The  Office  consists  of  the  following 
organizational  units: 

Office  of  Standard  Reference  Data — Clearinghouse  for  Federal  Scientific  and  Technical 
Information  ' — Office  of  Technical  Information  and  Publications — Library — Office  of 
Public  Information — Office  of  International  Relations. 


1  Headquarters  ftl    Galthersburg,   Maryland,  unless   otherwise  noted;   mailing  address   Washington,   D.C.   20234, 

''  Located  at  Boulder,  Colorado  80302. 

'■'  Located  at  5285  Port  Royal   Road,  Springfield,  Virginia  22151, 


UNITED  STATES  DEPARTMENT  OF  COMMERCE 
Maurice  H.  Stans,  Secretary 

NATIONAL  BUREAU  OF  STANDARDS    •    Lewis  M.  Branscomb,  Director 


NBS 


TECHNICAL  NOTE  524 

ISSUED  MAY  1970 

Nat.  Bur.  Stand.  (U.S.),  Tech.  Note  524,        pages  (May  1970) 
CODEN:      NBTNA 


Determination  of  the  Light  Elements  in  Metals: 
A  Bibliography  of  Activation  Analysis  Papers 


G.  J.  Lutz,  Editor 

Analytical  Chemistry  Division 

Institute  for  Materials  Research 

National  Bureau  of  Standards 

Washington,  D.C.    20234 


*<***„<***' 


NBS  Technical  Notes  are  designed  to  supplement  the 
Bureau's  regular  publications  program.  They  provide  a 
means  for  making  available  scientific  data  that  are  of 
transient  or  limited  interest.  Technical  Notes  may  be 
listed  or  referred  to  in  the  open  literature. 


For  sale  by  the  Superintendent  of  Documents,  U.S.  Government  Printing  Office,  Washington,  D.C,  20402. 
(Order  by  SD  Catalog  No.    CI  3.46:524).    Price  75  cents. 


OTHER  NBS  TECHNICAL  NOTES  IN  THIS  SERIES 

1.   Lutz,  G.  J.,  Editor.   Forensic  Science: 

A  Bibliography  of  Activation  Analysis  Papers 

NBS  Technical  Note  519,  February  1970.   50  cents* 


i 


NBS  PUBLICATIONS  OF  INTEREST  TO  USERS  OF  THIS  SERIES 

1.  DeVoe,  J.  R.  and  LaFleur,  P.  D.,  Editors.   Modern 

Trends  in  Activation  Analysis,  Proceedings  of  the 
1968  International  Conference  on  Modern  Trends  in 
Activation  Analysis,  National  Bureau  of  Standards, 
Gaithersburg,  Maryland,  October  7-11,  1968. 
NBS  Special  Publication  312,  Vol.  I  and  II,  June 
1969.   $8.50  per  set.* 

2.  Lutz,  G.  J.,  Boreni,  R.  J.,  Maddock,  R.  S.  and 

Meinke,  W.  W.  ,  Editors.   Activation  Analysis: 
A  Bibliography  of  Activation  Analysis  Papers, 
NBS  Technical  Note  467  Revised,  December  1969. 
$8.50.* 


* 


Send  orders  with  remittance  to:   Superintendent  of  Documents, 
U.S.  Government  Printing  Office,  Washington,  D.  C.   20402. 
Remittance  from  Foreign  countries  should  include  an 
additional  one-fourth  of  the  purchase  price  for  postage. 

iii 


PREFACE 

This  bibliography  is  the  second  of  a  series  of 
bibliographies  on  the  application  of  Activation  Analysis 
to  specific  subjects.   The  bibliographies  in  this  series 
are  produced  from  the  master  files  of  the  Analytical 
Chemistry  Division's  Activation  Analysis  Information 
Center  and  will  be  periodically  updated. 


W.  Wayne  Meinke,  Chief 
Analytical  Chemistry  Division 


IV 


DETERMINATION  OP  THE  LIGHT  ELEMENTS  IN  METALS: 
A  BIBLIOGRAPHY  OP  ACTIVATION  ANALYSIS  PAPERS 

G.  J.  Lutz,  Editor 

References  to  the  Determination  of  the  Light  Elements 
in  Metals  using  Activation  Analysis  are  indexed  according  to 
the  elements  boron,  carbon,  nitrogen,  oxygen,  phosphorous, 
silicon  and  sulfur.   The  indexes  are  arranged  by  Element 
Determined  and  subdivided  according  to  Matrices  and 
Nuclear  Reactions  involved.   An  Author  Index  is  included. 

Key  words:   Boron;  carbon;  light  elements;  metals;  nitrogen; 
oxygen;  phosphorous;  silicon;  sulfur. 


INTRODUCTION 

This  publication,  Determination  of  the  Light  Elements 
in  Metals:   A  Bibliography  of  Activation  Analysis  Papers,  is 
the  second  in  a  series  of  specialized  bibliographies  on 
Activation  Analysis  prepared  by  the  Analytical  Chemistry 
Division  Activation  Analysis  Information  Center. 

Publications  obtained  by  the  Center  for  inclusion  in 
the  Activation  Analysis  file  are  indexed  according  to  the 
broad  categories  of  Element  Determined,  Matrix  Analyzed  and 
Technique  Used.   Currently  there  are  106  descriptive  terms 
under  Matrix  Analyzed  and  53  under  Technique  Used. 

Items  included  in  this  bibliography  were  extracted 
from  the  Elements  Determined:   Boron,  Carbon,  Nitrogen, 
Oxygen,  Phosphorous,  Silicon  and  Sulfur  and  from  the 
appropriate  keys  of  Matrix  Analyzed  dealing  with  metals. 
The  form  of  the  indexes  is  by  Element  Determined  with 
listings  of  Matrices  and  Nuclear  Reactions  involved. 


An  author  index  has  been  included  and  it  is  hoped  that 
readers  will  point  out  omissions  to  the  editor.   The  Center 
plans  to  publish  revisions  to  this  bibliography  commensurate 
with  the  growth  of  the  field. 
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ALUMINUM 

GERMANIUM 

METALS,  GENERAL 

NICKEL  ALLOYS 

SILICON 

STEEL 

CARBON 

ALUMINUM 

BERYLLIUM 

BORON 

CALCIUM 

CESIUM 

GERMANIUM 

GOLD 

IRON 

IRON-ALUMINUM  ALLOYS 

LEAD-BISMUTH  ALLOYS 

METALS,  GENERAL 

MOLYBDENUM 

NICKEL 

NIOBIUM 

PLATINUM 

SILICON 

SILVER 

SODIUM 

STEEL 

1618  1787  3059  5919 

2712 

7285 

3976 

181  1013  1091  1546  1547  1561 
2712  3361  5429 

1821  3466  5408  5932  7361 


4  578  688  703  767 

45  46  49  578  1263  1816  2505  3070 
3727  3976 

1816 

1816 

4386 

1604  6752  7015 

105  1599  1831  7011 

4  8  401  417  703  744  1219  5*954 
7015  7018 

578 

7017 

7213 

3070  6742 

1604  6593  6752 
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7011 
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1604  3977  6752  7015 

4226 

3070 

703  1604  6752 


703 

49  703  1263  1816  2505  3070  3976 

7015 

5238  7213  7343 

3070 

5782  7015 

7019 
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703  760 
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3722  3771  3992  4211  5409  5432 
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11B(p,n)11C  181  1013  1091  2712 

10B(d,n)11C  2712 

10B(n,a)7Li  -  1546  1547  1561  1618  1787  3059 

electronic  a  counting  3361  5429 

10B(n,a)7Li  - 

a  track  counting  5408  5932 

10B(n,a)7Li  - 

neutron  flux  depression  1821 

10B(n,a)7Li  -  1546  1547  1561  3361  3466  5919 

+.  7T  .  7285  7361 
prompt   Li  gamma  ray 

Deuteron  bombardment  - 

prompt  gamma  ray  3976 


CARBON 


12C(d,n)13N  4  8  118  119  417  688  744  767 

1219  1951  2505  3070  3976  5238 
6581  6736  7307 

12C(Y,n)1:LC  45  46  49  351  703  1263  1560  1816 

3727  4386  5954  6593  6742  7015 
7017  7018 

12C(3HeJa)11C  105  1599  1604  1831  3977  4226 

6752  7011  7019  7162 

12C(p3Y)13N  401  744  1026  1219 

12C(a,an)11C  578 

12C(d,p)13C  - 

(prompt  y  detection)     2652 
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NITROGEN 


l4N(y,n)13N  49  703  760  1263  1816  7015 

l4N(d3n)150  2505  3070  3976 

N(d,n)  -  prompt 

neutron  detection       5238 

l2|N(n,2n)  -  C-W  generator  5782 


14,T,    JL 
N(p,a)   C 

7019 

OXYGEN 

l60(n,p)l6N  -  14  MeV 

108  109  131  426  500  596  762 

neutrons  from  Cockcroft 

1067  1103  1104  1309  1394  1453 

Walton  generator 

1589  1739  1804  1900  1950  1956 

2418  2505  2507  2526  2542  2549 

2586  2598  2615  2649  2678  2686 

2734  2764  2798  2802  2983  3073 

3085  3090  3357  3502  3746  3768 

3981  4260  5321  5380  5409  5431 

5432  5451  5452  5708  5772  5781 

6694  6705  6728  6750  6856  6978 

7076  7097  7142  7214  7289  7291 

7330  7344  7387  7417  7419 

l60(a,pn)l8F  578  1151  1194  1742  2381  3722 

5921  5938  6590  6591  6593  7015 
7230  7248 

l80(p,n)l8F  912  1483 

180(y,p)17N  4277 

-1  r  -1  o 

0(t,n)   F  -  accelerator 

produced  trltons        7012 

16^/    n16at 
0(n,p)   N  - 

reactor  neutrons 

l60(d,n)17F  3070  3976  5238  7307 

l60(d,p)170  - 
prompt  y's 

l60(p,a)13N 


3986 

3070 

6595 

7248 
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OXYGEN  (Continued) 
0(y3n)  vO 

l6„  /  3tt     ^  18-n 

0(  He,p)   P 


0(t,n)   F;  tritons 
from  Li(n,a)t 

PHOSPHOROUS 


45  46  49  58  814  1263  1816  3727 
3771  4386  6742  7015  7017  7106 

105  1318  1604  1831  2381  3721 
3977  4211  4226  5921  5938  6053 
6072  6590  6752  7011  7015  7019 
7230  7248 


391  654  655  1158  1730  2562  3992 


31P(n,y)32P 


SILICON 
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398  509  641  688  767  864  892  893 
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7145  7172 


proton  scattering 

28„.,    x290. 
Si(n,Y)  ySi 

280  .  /    x.  28  . ., 
Si(n,p)   Al  - 

C-W  Generator 

Si(n,p)   Al  - 
Po-Be  source 

SULFUR 


2429 

4  81  102  417  452  641  850  1263 
1709  6086  7407 

628  1875  2596  6398  6723  6844  7170 

1590  1591 


34S(njY)35S 


32S(n,p)32P 


22  140  641  688  767  892  893  1085 
1124  1193  1215  1378  1471  1477 
1520  1621  1711  2550  6086  6410 
6446  6568 

704  1520  1570  1709  1965  2764 
4300  6412  6446  6568  7172 
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